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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to a suitable laser annealer to perform laser recrystallization especially to a large 
area substrate about the laser annealer which irradiates a laser beam and performs recrystallization of a thin film etc. 
[0002] 

[Description of the Prior Art] The technology which carries out the membraneous alteration of this silicon film at polycrystal 
silicon in the process which irradiates a laser beam, heats this silicon film to the temperature beyond the melting point of silicon at 
once to the thin film of the amorphous silicon formed on the substrate, and cools to it is well known as laser recrystallization 
technology, and the equipment which irradiates a laser beam is also announced. In the laser recrystallization using the excimer 
laser which oscillates the laser beam of the wavelength of an ultraviolet region especially, mobility of the silicon film after a 
membraneous alteration can be made very high, and highly efficient-ization of TFT (it is hereafter called TFT for short.) can be 
performed. 

[0003] The conventional method of the irradiation method of the laser beam in the laser annealer which performs this laser 
recrystallization is explained using the block diagram of optical system. The composition of conventional equipment is shown in 
drawing 7 . Since there is heterogeneity of the energy distribution in a laser beam, the laser beam 101 which the excimer laser 
100 oscillated penetrates the homogenizer 102 which raises the homogeneity of an energy distribution. After penetrating a 
homogenizer 102, incidence is carried out to the lens system 103 to which the size of a laser beam to irradiate is changed. After 
deciding the size of an irradiation laser beam by the lens system 103, it irradiates on the substrate 104 in which the amorphous 
silicon film 105 was formed, and the membraneous alteration of this silicon film 105 is performed. A substrate 104 is placed on 
the two-dimensional move stage 106, and when the move stage 106 moves, it can irradiate a laser beam in the arbitrary places on 
a substrate 104. Furthermore, the move stage 106 is in the vacuum chamber 107, and laser recrystallization is performed in a 
reduced pressure state. 
[0004] 

[Problem(s) to be Solved by the Invention] The technical problem of the conventional laser annealer is in the heterogeneity of the 
joint portion of a laser beam, and the length of the process time which per substrate takes, the size (flat-surface size) of a laser 
beam which usual irradiates in order to secure an energy density required for laser recrystallization - severalmmx - from several 
mm, it is large and is about lOmmxlOmm As described above, also in equipment, the homogeneity of the energy in a laser beam 
is conventionally raised optically by the homogenizer. For this reason, the homogeneity of the heat distribution of irradiation 
within the limits of a laser beam is high. However, the inclination section of energy is in the periphery of a laser beam, and a 
temperature gradient will be made to the periphery of the irradiation range of a laser beam. For this reason, thermal heterogeneity 
will occur into the joint portion of a laser beam, and the membraneous uneven field of the silicon film by laser recrystallization 
will be made. It is necessary to make this uneven field as small as possible. 

[0005] Moreover, a laser beam scans the inside of a substrate and the field of laser recrystallization is extended one by one. For 
this reason, when substrate size large-area-izes, the time which laser recrystallization takes will become long inevitably, although 
based on the traverse speed of a move stage, the repeat period of the laser beam which an excimer laser oscillates, irradiation 
laser beam size, and the number of times of irradiation, when laser recrystallization of the 450mmx350mm (X shaft-orientations 
xY shaft orientations and the following ~ the same) whole substrate surface was carried out, time required for laser 
recrystallization is the 200mm traverse speed of irradiation laser beam size 5mmx5mm, the ten number of times of irradiation, 
and a move stage, and was needed for 2 hours or more, for example On calculation, although it was about about 30 minutes, since 
there was a clinch and the move stage was always immovable at the rate of the highest, the aforementioned time was needed in 
fact. 

[0006] as mentioned above, although laser recrystallization technology can realize highly efficient TFT, what the time which the 
heterogeneity and the process of a joint portion of a laser beam take becomes very long to is a problem Suppressing the 
heterogeneity of the joint portion of the irradiation portion of a laser beam, the purpose of this invention shortens the time which 
laser recrystallization takes, and is to offer the laser radiation method of realizing a high throughput, and a laser annealer 
[0007] 

[Means for Solving the Problem] The above-mentioned purpose is attained by decreasing the number of times of a round trip of a 
move stage by dividing a laser beam into plurality optically and irradiating a laser beam at once in two or more parts. 



1 of4 



5/1/03 7:08 AM 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgLejje 



[0008] 

[Function] It is possible to enlarge the size of a laser beam to irradiate as a method of shortening process time. The size of said 
laser beam conventionally irradiated on condition that the estimate of the time which the laser recrystallization in equipment takes 
was 5mmx5mm. In the case of this size, the number of times of movement of X shaft orientations is 70 times. If the size of Y shaft 
orientations of a laser beam to irradiate is set to 10mm, the number of times of movement decreases to 35 times, and can aim at 
shortening of process time. The inclination of the energy of the laser beam periphery which is one of the causes of the 
heterogeneity of the joint portion of a laser beam on the other hand is so advantageous that a size is small. The size of the laser 
beam at the time of the oscillation of the excimer laser of high power is the beam cross section of an about [ l-2cmx2-4cm] large 
rectangle. It reduces using optical system and this large laser beam is irradiated at a substrate. There is the inclination section of 
energy also in the periphery of the laser beam at the time of the oscillation of laser. This inclination section is also reduced by 
optical system. 

[0009] Therefore, the size of the inclination section of the energy of the periphery of the laser beam at the time of irradiation 
becomes small, so that it reduces smaller. That is, the field where the joint portion of a laser beam is uneven will be reduced, so 
that the size of a laser beam to irradiate is small. As mentioned above, performing uniform laser recrystallization to a large area 
substrate and shortening process time have the relation of a trade-off, and they have not solved this problem in the conventional 
laser annealer. 

[0010] Then, in this invention, as a spot size of the laser beam which irradiates a substrate, it is small and the area which can be 
irradiated at once solves the above-mentioned trouble by enlarging as much as possible. That is, after equalizing the laser beam 
oscillated by laser by the homogenizer, spot size of one laser beam to irradiate is small made by dividing into two or more laser 
beams optically, and irradiating each laser beam at a substrate. Furthermore, by irradiating the laser beam of two or more small 
spot size at once in two or more parts of a substrate, the area of the field which carries out laser recrystallization at once can be 
secured greatly, and shortening of process time can be realized. 
[0011] 

[Example] Hereafter, the example of this invention is explained in detail using a drawing. The 1st example is explained using 
drawing 1 or drawing 4 . Drawing 1 is drawing showing the composition of a laser annealer. Drawing 2 is drawing explaining 
equalization of an energy distribution of the laser beam by the homogenizer. Drawing 3 is drawing showing the composition of a 
beam division system (division optical system). Drawing 4 is drawing explaining the state of irradiation of the laser beam in this 
example. 

[00 1 2] In drawing 1 , the excimer laser 1 of a chlorination xenon system outputs the laser beam 2 of ultraviolet rays with a 
wavelength of 308nm. A laser beam 2 is an almost parallel beam. When a rated pulse output is the chlorination xenon system 
excimer laser of 500mJ(s), a size is a cross-section configuration long and slender in the abbreviation 4cmx2cm inter-electrode 
direction, and is a trapezoidal shape mostly as an energy distribution. Incidence of the laser beam 2 is carried out to ATTINETA 
3, and it changes to predetermined irradiation energy. Incidence of the laser beam 2 with the energy distribution of a trapezoidal 
shape is carried out to a homogenizer 4. The laser beam immediately after the output of an excimer laser 1 has a fine wave type 
energy distribution like drawing 2 (a). The size of the range of fluctuation to the average of an energy distribution is 1 0% to about 
20%. Change of this energy is equalized by the homogenizer 4. The energy distribution by the side of the outgoing radiation of a 
homogenizer 4 is shown in drawing 2 (b). By the homogenizer, the range of fluctuation decreases to about 2 to 3%. By using the 
eye lens of a fly which gathered the microlens two-dimensional as a homogenizer which equalizes an energy distribution optically, 
the redistribution of energy is performed and the range of fluctuation is compressed. 

[0013] Incidence of the laser beam 2 which equalized the energy distribution is carried out to a lens system 5. In a lens system 5, 
the size of the laser beam at the time of irradiating a substrate is determined. A lens system 5 is the collimation optical system of a 
reduction system, it is constituted by the combination of a convex lens and the laser beam which only the size of a laser beam was 
changed and carried out outgoing radiation turns into parallel light. The laser beam 2 which carried out outgoing radiation carries 
out incidence of the lens system 5 to the beam division system 6. A laser beam 2 is divided into two laser beams 2a and 2b with 
equal energy by the beam division system 6. The laser beams 2a and 2b divided into two are irradiated by the laser radiation field 
1 1 to which the amorphous silicon films 8 formed on the substrate 7 differ. A substrate 7 is placed on the two-dimensional move 
stage 9, and by the movement of the move stage 9, two laser beams 2a and 2b can irradiate the silicon film 8 of the arbitrary 
positions of a substrate 7, and it can carry out laser recrystallization of the latus field. A substrate 7 is placed into the vacuum 
chamber 10 the whole move stage 9, and can carry out laser recrystallization in reduced pressure. The beam division system 6 
divides two divided laser beams 2a and 2b in the direction of a shorter side of a substrate 7. 

[00 1 4] The composition of the beam division system 6 is explained using drawing 3 . Only the size of a beam is changed and it is 
not made to change about a cross-section configuration in a lens system 5. For this reason, the laser beam 2 which carries out 
incidence to the beam division system 6 is a configuration near the rectangle of a cheek 1 to 2, as shown in drawing 3 . The beam 
division system 6 consists of reflecting mirrors 1 3 and 14 of two sheets with which the reflective film was coated like the 
******** pnsm 1 2 in two rectangular prisms with which the reflective film to the wavelength of 308nm was coated. By prism 
12,2 ****s of laser beams 2 are carried out in this direction of the long side. Outgoing radiation of the divided laser beam 2 a is 
carried out in the direction parallel to the laser beam 2 which reflected and carried out incidence with the reflecting mirror 13. 
Outgoing radiation of the laser beam 2b divided similarly is carried out in the direction parallel to the laser beam 2 which 
reflected and carried out incidence with the reflecting mirror 14, The cross-section configuration of laser beam 2a and b by which 
outgoing radiation was carried out turns into a square configuration mostly, as shown in drawing 3 , and go on in parallel mutually 
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and only the double precision of the size of a cross section will be left the interval. 

[0015] The state of performing laser radiation is explained using drawing 4 , scanning a substrate top using two laser beams 
divided by this beam division system 6. In drawing 4 , the X-axis is set as the direction of the long side of a substrate, and a 
Y-axis is set as the direction of a shorter side. As described above, the cross-section configuration of two divided laser beams has 
accomplished the square mostly, and it is separated [ from the interval ] of the distance of the double precision of the size of a 
laser beam. Moreover, two laser beams are located in a line with Y shaft orientations of a substrate 7. 
[0016] The case where irradiation of a laser beam is started from the upper left corner of a substrate 7 is assumed. The move 
stage a is moved and a substrate is moved to the position where a laser beam is irradiated first. Movement is completed, it checks 
that it is in the state where a laser beam can be irradiated at a position, and the first laser beam is irradiation ******. An 
irradiation position is moved, moving a move stage to X shaft orientations, and the laser beam is irradiated one after another. 
Since two laser beams are simultaneously irradiated by the substrate at this time, the field irradiated becomes band-like [ of two 
parallel trains ]. If it moves to the right end of a substrate 7, a move stage moves only the size of a laser beam to Y shaft 
orientations of a substrate, and laser is irradiated to from 1 of the arrow shown in drawing 4 to 2 at X shaft orientations of a 
substrate even with reverse it. If laser is irradiated by one more line, since another divided laser will touch the already irradiated 
field, shortly, a move stage moves to Y shaft orientations only 3 times of the size of a laser beam, and laser is irradiated (to arrows 
3-4 shown in drawing 4 ). 

[0017] As mentioned above, in this example, laser can be irradiated to two fields at once. For this reason, the number of times of 
movement of the X-axis of a substrate is set to one half of the conventional examples, and the time which laser recrystallization 
takes is shortened to 50%. Moreover, since the size of the laser beam by which each is irradiated can be made small, the 
inclination of the energy of the periphery of a laser beam can also be made small, and the heterogeneity of the joint section of a 
laser beam can be suppressed small. 

[0018] In this example, although the chlorination xenon system excimer laser was used, elsewhere, there are an argon fluoride 
system excimer laser and a krypton fluoride system excimer laser, and to an excimer laser, all output the laser of ultraviolet rays, 
and can use it for laser recrystallization at it. The diffusion board other than the eye lens of a fly used for this example is used for 
the homogenizer used for the improvement in homogeneity of a laser beam, a laser beam is diffused at once, and it operates 
orthopedically with an parallel beam with a lens further. Or replacement is also possible about the cylinder lens for minute 
pitches, the combination of prism, etc. As optical system which determines the size of a laser beam, the collimation optical system 
other than the optical system used in the example by the combination of a convex lens can be used fundamentally. In collimation 
optical system, two kinds of optical system of the combination of the thing to depend on the combination of a convex lens or a 
convex lens, and a concave lens can use, 

[001 9] The 2nd example is explained using drawing 5 and drawing 6 . In drawing 5 , incidence of the laser beam 22 which the 
excimer laser 21 oscillated is carried out to ATTINETA 23, and it is adjusted to a predetermined energy level. Furthermore, in a 
homogenizer 24, the energy distribution of a laser beam is equalized and incidence is carried out to a lens system 25. As 
explained in the 1st example, the cross-section configuration of a laser beam immediately after an excimer laser oscillates is a 
rectangle. 

[0020] In a lens system 25, while adjusting the size of a laser beam to a predetermined size, change of a configuration is given 
and the cross-section configuration of a laser beam is mostly made into a square. In order to give change to the configuration of a 
laser beam, a cylinder lens is combined and change of a size is given in inequality in each side of a laser beam. Mostly, incidence 
is carried out at the beam division system 26, and the laser beam 22 by which configuration adjustment was carried out at the 
square is division ****** to two laser beams 22a and 22b. The divided laser beams 22a and 22b are arranged in the direction of 
a shorter side of a substrate 27, and are irradiated by two laser radiation fields 3 1 of the silicon film 28 simultaneously formed on 
the substrate 27. A substrate 27 appears on the move stage 29 movable to two-dimensional, is in the vacuum chamber 30 with the 
move stage 29, can be under reduced pressure, and can perform laser recrystallization. 

[002 1 ] The composition of the beam division system 26 is explained using drawing 6 . With the one-way mirror 3 1 of the beam 
division system 26, the part is reflected/and the remaining laser beams penetrate the laser beam 22 mostly adjusted to the square 
cross-section configuration, and it is divided into two laser beams 22a and 22b. It is reflected by the reflecting rnirror 32 and 
reflected laser beam 22a progresses in the direction of the laser beam which carried out incidence. It is reflected by the reflecting 
mirrors 33 and 34 of two sheets, and transmitted laser beam 22b becomes parallel to laser beam 22a. Moreover, the optical path 
length from a one-way mirror 3 1 to a substrate side can be made equal by arrangement of reflecting mirrors 32, 33, and 34. This 
interval is arbitrary although it is separated [ from the interval of laser beams 22a and 22b ] of the double precision of the size of a 
laser beam in the example of drawing 6 . 

[0022] The state of irradiation of a laser beam becomes being the same as that of drawing 4 . In this example, energy of the laser 
beam divided by changing the reflection factor and permeability of a one-way mirror 3 1 can be made into an inequality, laser 
beam 22a divided at this time - as the irradiation energy to a substrate - 100 mJ/cm2 from - 300 mJ/cm2 the low energy level of 
a grade - carrying out - laser beam 22b - 300 mJ/cm2 from - 500 mJ/cm2 It is made a high energy level and a substrate is 
irradiated. Thus, by attaching strength to the energy of two laser beams, the hydrogen atom contained in a silicon film is made to 
emit out of a film by the weak laser beam first irradiated by the 1 st, and the strong laser beam irradiated the 2nd performs a 
membraneous alteration for a silicon film to polycrystal silicon. Thus, by using two divided laser beams, the process to which the 
substrate surely needed to be moved twice conventionally and which needed to be irradiated can be progressed by one substrate 
movement, and large process time shortening can be realized. 
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[0023] In explanation of an example, although the configuration of a laser beam where the 1 st example and the 2nd example were 
irradiated by the substrate was mostly made into the square, it is almost clear that there is effect same also as a long rectangle to 
the direction of a shorter side of a substrate. Moreover, since it was easy, although the number of partitions was set to 2 in the 
example, process time is shortened and it is more advantageous than dividing or more into three. In explanation of an example, 
although the two-dimensional move stage was used as the move method of a substrate, it is also possible to use the scanner of 
optical system for the scan of 1 shaft orientations. Moreover, the biaxial direction can also use the scanner of optical system. 
[0024] 

[Effect of the Invention] As explained above, since laser annealer **** of this invention can make small the size of the laser beam 
which irradiates a substrate, can make the surrounding inclination section of a laser beam small and irradiates two or more fields 
at once, it can realize shortening of the process time which irradiates a substrate. 



[Translation done.] 



